In 2018, the European Strategic Forum for research infrastructures (ESFRI) was tasked by the Competitiveness Council, a configuration of the Council of the EU, to develop a common approach for monitoring of Research Infrastructures' performance. To this end, ESFRI established a working group, which has proposed 21 Key Performance Indicators (KPIs) to monitor the progress of the Research Infrastructures (RIs) addressed towards their objectives. The RIs were then asked to assess their relevance for their institution. The paper aims to identify the relevance of certain indicators for particular groups of RIs by using cluster and discriminant analysis. This could contribute to development of a monitoring system, tailored to particular RIs.
Introduction
Performance monitoring is an important element of the management of publicly funded institutions and policy interventions. It is often implemented using a system of key performance indicators (KPIs), which describe how well an institution or a program is achieving its objectives. When designed and implemented properly, they allow monitoring of progress, enable evidence-based decision-making, and aid in the development of future strategies. They can also significantly contribute to the successful communication of results and achievements, and thus to the financial sustainability of institutions and programs, as well as to increased transparency. In addition, they play a role in the evaluation of socio-economic return. 1 Despite their importance, a recent questionnaire of European relevance revealed that although all of the 36 responding Research Infrastructures (RIs) agreed that they should have KPIs, only half of them actually have them. 2 In addition, only 3 RIs reported that their KPIs adhered to the RACER criteria, i.e., that they are relevant, accepted, credible, easy to monitor and robust. 3 This result points to one of the key issues related to KPIsconsiderable effort and specific knowledge is required to develop a set of high quality KPIs that an RI can use to track its progress towards objectives. Since all RIs need KPIs, the joint development of a set of KPIs to be adopted voluntarily by RIs that share some of the objectives, would be sensible. In fact, the ERIC FORUM project, an EC co-funded project that brings together more than half of the pan-European research infrastructures in operation, has such a development among its tasks. 4 In addition to the performance management of RIs themselves, policy makers have identified the need for performance monitoring of their support to research infrastructures. The stakeholder consultation on the long-term sustainability of RIs that the European Commission undertook in 2017, revealed that there is a need to develop appropriate KPIs, which would serve as a good basis for achieving sustainable monitoring and governance of Research and Data Infrastructures. Following this input, the European Commission has included in its action plan the need to assess the quality and impact of the RI and its services, by developing a set of key performance indicators, based on excellence principles. 5 This was supported by the Competitiveness Council, which in its conclusions invited Member States and the Commission to develop within the framework of ESFRI a common approach for monitoring RI's performance, and invited the Pan-European Research Infrastructures, on a voluntary basis, to include it in their governance and explore options to support this through the use of key performance indicators". 6
In response to the invitation, the European Strategic Forum for Research Infrastructures (ESFRI) established a Working Group on Monitoring (WG) in 2018, which is tasked, among other things, with developing a core set of KPIs that could be applied across different RIs.
In order to propose KPIs that can be applied across RIs, the WG reviewed the objectives that are most commonly shared among the RIs. A review of the objectives of more than half of the pan-European RIs in operation revealed that, while several of them share objectives, such as delivery of 1 https://www.ceric-eric.eu/2018/08/30/key-performance-indicators-of-research-infrastructures/ 2 https://www.ceric-eric.eu/2018/11/05/key-performance-indicators-of-research-infrastructures-2/ 3 https://ec.europa.eu/info/sites/info/files/file_import/better-regulation-toolbox-41_en_0.pdf 4 https://www.eric-forum.eu 5 https://ec.europa.eu/info/sites/info/files/research_and_innovation/research_by_area/documents/swd-infrastructures_323-2017.pdf 6 Council conclusions on "Accelerating knowledge circulation in the EU", 29 May 2018, http://data.consilium.europa.eu/doc/document/ST-9507-2018-INIT/en/pdf education and training, enhancing collaboration in Europe and outreach to the public, only one objective, achieving scientific excellence, is shared by all of them. This already raises concerns as to whether a core system of KPIs, applicable across RIs, can be proposed. This is not a surprising finding, due to the diversity of the RIs. Some of them offer access to their facilities, based on merit,
while others offer open access to their resources, such as data, tissues or museum collections. Some of them are single sited, while others are distributed over a number of member states. Their scientific fields also vary, from physics and engineering to social sciences and humanities.
The WG nevertheless identified the main objectives shared among RIs, developed a set of KPIs and asked the RIs to assess their relevance for their institution by assigning values 1 to 4 (1not relevant, 4highly relevant). Thirty-nine pan-European RIs and a further 10 RIs of European Relevance responded to the invitation.
Considering the amount of data available, we decided to use a statistical approach to elucidate whether certain types of infrastructure could be identified based on the replies, which would enable further targeted refinement of the proposed indicators. Furthermore, the relevance of various KPIs for each group of RIs could be assessed, which is important for the development of the tailored monitoring system.
Data
Two sets of variables were used in the analysis: the characteristics of the RIs and the ratings RIs gave for the relevance of the key performance indicators, from 1 to 4, 4 being highly relevant. The proposed indicators used are presented in Table 1 , numbered from 1-20. Indicators number 7, Number of MSC and PhD thesis, and number 21, Revenues, were excluded from the study since it was clear from the comments of the respondents that they interpreted them in different ways. The responding RIs were assigned descriptors describing their properties (Annex 1). ESFRI areas, as determined in the ESFRI Roadmap 2018, 7 are as follows:
-Energy

2-Environment
3-Health and Food
-Physical Sciences and Engineering
-Social and Cultural Innovation
-e-RI
The other characteristics were whether the RI is: -Pan European (1) or a national facility (0) -In operation (1) or not (0) -Resource RI, such as data, collections (1) or not (0) -Facility RI, enabling access to physical infrastructure (1) or not (0) -Distributed over many locations (1) or single-sited (0) -e-Infrastructure (1) or not (0) The descriptors were based on the ESFRI 2018 roadmap descriptions of the projects, selfdeclarations of RIs and other web-page descriptions of the RIs. 3 Analysis
The RIs are described by binary variables. The percentages of 'yes' (1) answers are therefore given in To obtain the typology of the infrastructure organizations (RIs), we first performed cluster analysis of the infrastructure organizations according to their binary characteristics (Annex 1). This procedure reveals clusters of organizations with similar characteristics. To obtain these clusters of organizations, we first calculated Euclidean distances among them and then, based on these distances, we applied the Ward agglomerative hierarchical clustering procedure. 9 The obtained hierarchical clustering is presented by the dendrogram in Figure 1 .
Secondly, to study how the relevance of the key performance indicators (Table 1) differs among the obtained clusters, discriminant analysis was used. Here, a discriminant variable, which is the sum of weighted key performance indicators, is estimated in such a way that it best discriminates the clusters. By this criterion the weights or loadings are obtained. The indicators with larger loadings best discriminate the clusters of organizations. Therefore, the groups in the discriminant analysis are the clusters obtained by cluster analysis and the variables that discriminate them are the key performance indicators.
Cluster analysis
The obtained dendrogram (Figure 1) shows two possible partitions of RIs: into two clusters and into five clusters, according to their ESFRI domains and other RIs' characteristics.
In the case of the 2-cluster solution, the two clusters contain the following infrastructures: 
Discriminant analysis
Two discriminant analyses were performed. In the first, the clustering solution into two clusters is considered and 19 key performance indicators. Table 4 presents the structural loadings (these are the Pearson correlations between the obtained discriminant variable and each performance indicator). The indicators that best discriminate the two groups are highlighted in this table.
The obtained discriminant variable statistically significantly distinguishes the two obtained clusters ( (19, 29) = 2.49, < 0.05). Two clusters were obtained by the clustering procedure. Each organization was again classified into two clusters according to the obtained discriminant variable. 
Figure 2: Two centroids of the clusters obtained by clustering procedure on the discriminant variable
The second discriminant analysis considered the five clusters solution and the same key performance indicators. Here, four discriminant variables at most can be obtained (  ( − 1, ) ),
where is the number of clusters and is the number of variables) but only one statistically significantly distinguishes the obtained five clusters (see Table 6 ).
Each organization was again classified into these five clusters according to the obtained discriminant variables. Table 7 shows how well the discriminant variables that are defined by the key performance indicators, predict the five clusters. The percentage of correctly classified organizations is 79.59 %. Figure 3 graphically presents the centroids of each of the five clusters on the first obtained discriminant variable. The discriminant variable is described at its ends by the most important indicators that distinguish five clusters. The first discriminant variable distinguishes the best between Cluster 4 (pan-European RIs in The organizations in Cluster 5 evaluate these indicators in the opposite way. To obtain the typology of the infrastructure organizations, we first performed cluster analysis of the infrastructure organizations according to their properties, such as their ESFRI domain, whether they offer access to facilities or resources, or are e-infrastructures, whether they are distributed among several locations, whether they are in operation and whether they are national or pan-European RIs.
Figure 3: Five centroids of the clusters on the first discriminant variable (G1: RIs from the ESFRI domain Environment; G2: RIs from the ESFRI domain Health and Food; G3: National RIs from the ESFRI domain Physical Sciences and Engineering; G4: Pan-European RIs from the ESFRI domains Physical Sciences and Engineering and Energy, G5: RIs from the ESFRI domains Social and Cultural Innovation and e-Infrastructures)
This procedure gives clusters of organizations with similar characteristics. Five clusters were obtained, based on the ESFRI domain and on whether the RIs are national or pan-European RIs.
Secondly, discriminant analysis was used to study how the relevance of the key performance indicators differs among the obtained clusters. In the discriminant analysis the groups are the clusters obtained by cluster analysis and the variables that discriminate them are the key performance indicators. The analysis revealed that the percentage of correctly classified organizations in the five clusters, using the key performance indicators, is 80%. Such a high percentage indicates that there are significant differences in the relevance of certain indicators, among the ESFRI domains of the RI.
We then tried to identify the indicators that best discriminate the clusters. Using discriminant analysis for five clusters, four discriminant variables can be obtained but only one statistically significantly Based on the analysis presented here, it can be concluded that there is a significant difference in the relevance of the proposed KPIs among the groups of RIs, primarily based on their domain of operation. The indicators, therefore, need to be adapted to the type of infrastructure. It is proposed that the Strategic Working Groups of ESFRI that address specific domains, such as energy, environment or health, should be involved in the further development of the monitoring of pan-European RIs.
